Multiple behavior change is widely used to reduce targeted health behaviors; however, its effect on behaviors such as physical activity, nutrition, and alcohol and tobacco use among older adults remains inconclusive. The primary purpose of this systematic review was to evaluate the effects of single health behavior change (SHBC) interventions vs. multiple health behavior change (MHBC) interventions among older age individuals. PubMed was searched for publications on health behavior interventions from 2006 to 2011. Twenty-one randomized clinical trials assessed the effects of health behavior change in older individuals. Results were reviewed by a number of health behaviors and effectiveness. Results revealed that within SHBC interventions, physical activity or exercise behavior revealed that interventions were the most common and showed the most promise in influencing positive outcomes in physical activity behavior among community-dwelling older adults. There were too few MHBC studies identified to allow confident comparison to SHBC interventions. The MHBC field is still at an early stage within the older adult literature, and more attention is recommended to investigate if the benefits of MHBC apply to this age group.
Practice: Older adults respond well to behavior change interventions delivered one behavior at a time. Practical experience in MHBC needs to be gained, evaluated, and documented to see if MHBC interventions are feasible and accepted by older adults.
Policy: Evidence-based single health behavior change programs exist for older adults; however, the evidence of multiple health behavior change does not yet exist. preventable health risk behaviors among older adults.
SINGLE VS. MULTIPLE BEHAVIOR CHANGE APPROACH
Single health behavior change (SHBC) interventions may be more focused on specific content, less confusing, and able to more comprehensively address intervention components. This notwithstanding, intervening on single behaviors can be complex and challenging-treating multiple behaviors is even more so. Conventional wisdom has been that it is not possible to treat multiple behaviors simultaneously because it is too burdensome and places too many demands on a person's inherent ability to change [21] . Multiple health behavior change (MHBC) interventions are defined as efforts to treat two or more health behaviors either simultaneously or sequentially within a limited time period [22] . However, MHBC interventions for a common health objective, e.g., cancer prevention, diabetes self-management, or weight management, have shown significant multiple behavior changes [13-15, 26, 27, 31] . For example, smokers treated for two or three behaviors were as effective in being abstinent at long-term follow-up as those treated for only smoking [28] .
The hypothesis is that treating multiple behaviors is as, or more, effective with each of the target behaviors without reducing the effectiveness of treating one behavior at a time. MHBC interventions, if as effective or better, provide a better use of resources applicable to a variety of health behaviors [20, 23] . Moreover, since it has been noted that multiple risks multiply the health care burden both in terms of medical consequences and costs [7, 32] , studying intervention effectiveness in this context is important. Goldstein et al. [10] concluded that large gaps remain in MHBC knowledge and efficacy.
MHBC interventions also address covariation/ coaction concepts that individuals taking effective action on one target behavior are much more likely to take effective action on a second behavior and that individuals are likely to take effective action on untreated behaviors that are related to the treated behaviors [13] . Moreover, success in changing one or more lifestyle behaviors also may increase confidence or self-efficacy to improve risk behaviors in individuals who have a lower motivation to change [22] . This is related to the concept of a gateway behavior [21] where one specific health behavior change is thought to lead other health behavior changes. In addition to potentially greater efficiency and impacts on health, MHBC interventions have a high potential for greater real-world applicability and for providing information on effective treatments for behaviors that co-occur [23] . This is especially true among older adults who are more likely to have concurrent health conditions compared to younger adults.
The purpose of this paper is to assess whether SHBC interventions differ in effectiveness when compared to MHBC interventions in older adults by reviewing the literature. The primary health behaviors included physical activity, nutrition, alcohol use, and tobacco use. To increase understanding in this topic, we identified conceptual issues potentially related to SHBC vs. MHBC interventions (Fig. 1) .
METHODS
Eligibility criteria, data sources, selection of studies, data extraction, precision, and subgroup analyses were identified a priori. The procedure was conducted in accordance with the Cochrane Reviewers' Handbook [12] .
Eligibility criteria
For this review, we included randomized control trials (RCTs) with physical activity, nutrition, tobacco, and alcohol behavior interventions either individually or in some combination on older adults published in the English language. The health behaviors included both adoption (e.g., physical activity) and cessation behaviors (e.g., smoking cessation). As the MHBC field is relatively young [24] , the focus was on papers from 2006 to 2011. We included studies with older adults (>55+) from community and clinical settings. We excluded trials where the intervention and the outcome were incongruent, trials where the outcome variable was not a health behavior, and animal studies.
Information sources and search A search of the PubMed database was conducted using a systematic combination of key words describing health behavior: physical activity, nutrition, diet, alcohol, drinking, and smoking. Table 1 presents the search terms used and the number of articles identified.
Data collection process and quality analysis First, the first author (CN) independently input all key word search combinations into the PubMed database. After inputting each search combination, the second author (CL) extracted all of the relevant trials and interventions based on the title and abstract. Second, CN and CL then both independently evaluated all the applicable abstracts. Third, CL extracted all of the appropriate full-text articles. If there was a disagreement whether to include an abstract, both authors evaluated the article to come to a joint consensus. For instance, several RCTs where older adult participants were given vitamin D supplements were not included because the trials involved physicians or other health care providers administering the vitamin rather than the older adult performing the behavior themselves. Moreover, other trials including exercise behavior but studying falls as the outcome were excluded because the intervention was not congruent with the outcome behavior (Fig. 2) .
Titles and abstracts from each of the key word combinations were reviewed, and after applying exclusion criteria, 18 publications incorporating 21 interventions were retained. Precision is defined as the number of relevant reports identified divided by the total number of reports identified [12] , so for this review, precision was calculated through the following equation:
Data extraction and coding The following were extracted for each dataset: population, study recruitment setting, mean age, gender, ethnicity, target sample, health behavior, adoption vs. cessation behavior, results, conclusion, and effectiveness decision. Effectiveness decision was coded a "+" for significance in the right direction, a "0" for null findings, and a "−" for significance of findings in the opposite direction hypothesized. Since the data search yielded RCTs which often combined single and multiple interventions, they were aggregated to see which category (single intervention or multiple intervention) would be conceptually appropriate for data analysis. For example, an intervention may consist of one large study on physical activity in older adults and include two more trials. The trials could include assessments of physical activity and nutrition and/or physical activity, nutrition, and smoking cessation behavior. Each of the interventions in the trial was then listed or coded as "single" if one health behavior was being studied or "multiple" if more than one health behavior was being studied in the trial.
RESULTS
The literature search and review process (see Fig. 2 ) identified 18 RCTs that met the selection criteria and were included. Sixteen of these studies were SHBC interventions, and two were MHBC interventions in the older adult population. The majority of the included interventions was also adoption interventions (16) , while only two were cessation interventions. The most frequently studied was physical activity or exercise behavior (14 studies). Of those, 12 were SHBC interventions, and 2 were MHBC interventions. Four of the included interventions included nutrition or weight loss behaviors, two were SHBC and two were MHBC. Two included SHBC interventions addressed alcohol reduction. Other specific characteristics are displayed in Tables 2 and 3 . Effectiveness ratings are also noted in Tables 2 and 3 for each intervention selected.
SHBC intervention studies
Overall, there was a positive rating of effectiveness in the SHBC interventions. Of the 16 SHBC interventions, the sample size ranged from 38 to 1,971 older adults. Fourteen were conducted in a community setting whereas only two were conducted in a primary Fourteen of the SHBC studies examined adoption behaviors and two studies assessed cessation behaviors. Of the 12 SHBC studies evaluating physical activity or exercise among older adults, participants generally improved their level of activity at followup (at 6-12 months). In the nutrition or weight loss behavior studies, intervention participants did better than the controls at follow-up (at least 6 months after the intervention), improving their intake of fruits and vegetables and compliance to dietary recommendations. Both cessation interventions positively influenced the older adult participant's intake of alcoholic drinks, reducing the number beginning at 2 weeks, up through 12 months. There were 16 positive, 4 zero or neutral, and 2 negative effectiveness ratings for the SHBC interventions (Table 2) .
MHBC intervention studies
Overall, there was moderate rating of effectiveness in the MHBC interventions. Of the two MHBC interventions, the sample sizes were 94 and 735 older adults. Both were conducted in a community setting. Each of the interventions included more females than males, and the race/ethnicity was mainly from the non-Hispanic White population.
Both MHBC studies examined adoption behaviors, namely, a physical activity behavior and a nutrition related behavior. In one study, the combination of physical activity and fruit and vegetable consumption among older adults improved only the nutrition behavior and not the physical activity behavior at follow-up. In fact, the physical activity behavior result was in the unexpected direction [3] . In the other study, participants improved in both the weight loss behavior and the physical activity behavior (indicated by + signs on Table 3 ). Thus, there were three positive, zero neutral, and one negative effectiveness rating for the MHBC interventions (Table 3) . DISCUSSION The purpose of this paper was to systematically review the literature and assess whether SHBC interventions differ in effectiveness when compared to MHBC interventions in older adults. The primary health behaviors included were physical activity, nutrition, alcohol use, and tobacco use. To our knowledge, this is the first review to attempt to compare SHBC interventions to MHBC interventions among older adults. The idea of identifying which type of intervention (SHBC vs. MHBC) is most effective among older adult populations has been alluded to in several studies [9, 22, 25] . Our preliminary findings show that there were substantially more (>4 times) positive SHBC intervention behavior changes than MHBC interventions behavior changes identified, while the number of negative SHBC interventions behavior changes was higher than the number of negative MHBC interventions (2:1 ratio). However, there were also substantially more SHBC interventions found overall than MHBC interventions (8:1 ratio). We strongly caution any comparative interpretations of SBHC vs. MHBC interventions at this time. In fact, there are too few MHBC interventions at this point to make any confident comparative conclusions at this point. Overall, the SHBC interventions on physical activity or exercise behavior revealed the most positive outcomes in physical activity behavior among community-dwelling older adults. In addition, two of the SHBC studies included positive nutrition/weight loss behaviors, and two included positive alcohol cessation behaviors. Single behavior intervention targets one behavior, and interventions may be more focused on specific content, less confusing, and able to more comprehensively address intervention components compared to multiple behavior approaches. The SHBC intervention findings reflect that single behavior health interventions can be effective in physical activity, nutrition, and alcohol use. These findings are important and underline to continue implementing effective efforts to promote the health behaviors of older adults.
Conversely, it is too early to conclude about the effectiveness of MHBC interventions in older adults although there is some preliminary evidence presented that these intervention types are feasible and can produce positive results in this population [29] including underserved/minorities. Identifying if MHBC interventions are effective with older adults, with underserved and minority older adults, and for what conditions, may improve the way health behavior change interventions are designed to maximize benefits. This type of knowledge has the potential to improve the efficiency and impacts that interventions have on health for greater real-world applicability [23] .
Limitations to be considered are that this review was limited to peer-reviewed studies on older adults accessed through one database, PubMed, using specific key word choices. Due to the nature of this process, some RCT may have been missed. To mitigate this limitation, the reference list of each study in this review was cross-checked for other viable studies. Moreover, the limited number of MHBC interventions limited any conclusions for these types of studies at this time. Finally, although many of these interventions reported significant results, the majority of these studies were conducted with community-dwelling older adults who were of a similar background limiting the possibility of generalizing these results to other populations.
Future directions/conclusions
More MHBC studies are needed in older adults at this time to inform if such approaches are effective, provide synergy and savings of resources or are more cost effective, provide too large of a burden, are too confusing, and if this is a better investment compared to SHBC approaches.
